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Non-Gaussianity generated in inflation can be contributed by two parts. The first part, denoted by f δN
NL
, is the
contribution from four-point correlation of inflaton field which can be calculated using δN formalism, and the
second part, denoted by f int
NL
, is the contribution from the three-point correlation function of the inflaton field. We
consider the two contributions to the non-Gaussianity in noncanonical warm inflation throughout (noncanonical
warm inflation is a new inflationary model which is proposed in [18]). We find the two contributions are
complementary to each other. The four-point correlation contribution to the non-Gaussianity is overwhelmed
by the three-point one in strong noncanonical limit, while the conclusion is opposite in the canonical case.
We also discuss the influence of the field redefinition, thermal dissipative effect and noncanonical effect to the
non-Gaussianity in noncanonical warm inflation.
PACS numbers: 98.80.Cq
I. INTRODUCTION
Inflation, as an necessary supplement to the standard model
of the Universe, is an important branch of cosmology which
can successfully solve the problems such as horizon, flatness
and monopole [1–3]. Another charming feature of inflation
scenario is that it can give a natural mechanism to clarify
the observed anisotropy of the cosmological microwave back-
ground (CMB) and the large scale structure exactly [4–6].
Generally speaking, there are two kinds of inflationary theory
till now: standard inflation, or sometimes called cold infla-
tion, and warm inflation. Warm inflation was first proposed
by A. Berera in 1995 [7–9], and then has been developed a
lot in the past twenty years, especially in the fields of per-
turbation theory [8–12], the micro-mechanism realization and
dissipative issue of warm inflation [10, 13, 14], and the con-
sistency issue of warm inflation [15–20]. Standard and warm
inflation share the advantages of solving horizon, flatness
and monopole problems and generating nearly scale-invariant
power spectrum. And warm inflation has its own advantages
and improvements, such as curing the “η” problem [21] and
the problem of overlarge amplitude of the inflaton suffered in
some standard inflationary models [10, 22], and relaxing the
strict slow roll conditions in standard inflation greatly. A most
distinct difference between standard and warm inflation is the
origin of density fluctuations. The cosmological perturbations
can naturally arise from vacuum quantum fluctuations in stan-
dard inflation [4–6, 23] while thermal fluctuations in warm in-
flation [7–9]. Warm inflation contains rich information about
particle physics and can broad the scope of inflationary the-
ory greatly. Some models that are already ruled out by new
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Planck observations [24] in standard inflation can again be in
very good agreement with the Planck results in warm infla-
tionary theory.
When studying inflation, one typically calculates the power
spectrum of scalar perturbations and the amplitude of gravi-
tational waves. These perturbation quantities, although very
important, contain only two-point correlation statistics infor-
mation. Two-point correlation information in perturbations is
too limited to discriminate among a large range of inflation-
ary models. There exists a so-called ‘degeneracy problem’
(i.e. a single set of observables maps to a range of different
inflation models) [25] in inflation theory. Even a precise mea-
surement of the spectral index, the running of spectral index,
and the detection of gravitational wave will not allow us effi-
ciently discriminate among them. So we need the important
information contained in primordial non-Gaussianity of infla-
tion. The three-point function of curvature perturbation ζ, or
its Fourier transform, the bispectrum represents the lowest or-
der statistics able to distinguish non-Gaussian from Gaussian
perturbations [26, 27]. In this paper we will concentrate on
the lowest order non-Gaussianity. Non-Gaussianity contains
useful message of inflation, which can help to distinguish dif-
ferent inflationary models.
Two-point correlation perturbations, i.e. power spectrums
of scalar and tensor modes, generated in canonical standard
inflation are already clear issues [4–6, 23]. Many works also
has been concentrated on the perturbations of noncanonical
standard inflation. The research of scalar power spectrum,
spectral index, the amplitude of gravitational wave and con-
sistency relation shows that the sound speed, which is an char-
acter quantity describing noncanonical effect in noncanonical
inflation, plays an important role in the two-point perturbation
quantities [28, 29]. Non-Gaussianity, especially the three-
point correlation in noncanonical standard inflation was re-
searched in [30–32], and these works found that a low sound
speed can much enhance the level of non-Gaussianity. Many
works calculate non-Gaussianity generated by multi-field in-
flation and reach the conclusion that multi-field inflation has
2more enhanced non-Gaussianity than single field inflation
[33–35]. Non-Gaussianity in warm inflation was analysed
specially from different opinion in some works [11, 19, 36–
39]. In related works such as [11, 37–39], non-Gaussianity
generated in canonical warm inflation was performed. Papers
[38, 39] concentrated on the temperature independent warm
inflationary case and [37, 40] focused on the more compli-
cated temperature dependent case. Thermal dissipation effect
can increase non-Gaussianity to some extent. Canonical field
was often used as inflaton in the research of warm inflation.
Noncanonical warm inflation was first proposed in [18] and
broaden the scope of inflationary picture. Non-Gaussianity in
noncanonical warm inflation was first considered in our pre-
vious work [19], and we get the result that small sound speed
and large dissipation strength can both enhance the magni-
tude of non-Gaussianity. The works above all considered non-
Gaussianity generated by inflaton fields in linear large-scale
evolution of perturbations. More than ten years ago, δN for-
malism, a gauge-invariant description of nonlinear curvature
perturbation on large scales, was proposed to calculate the is-
sue of non-Gaussianity [33–35, 41, 42]. Nonlinear parameter
fNL is often introduced to parameterize the magnitude of non-
Gaussianity. Nonlinear parameter obtained by δN formalism,
i.e. f δN
NL
, is nearly scale independent, while nonlinear param-
eter generated by the intrinsic non-Gaussianities of inflaton
fields in linear cosmological perturbation theory, i.e. f int
NL
is
often scale dependent. If the inflaton fields are Gaussian to
sufficient accuracy, such as in canonical multi-field inflation,
intrinsic result of non-Gaussianity f int
NL
is overwhelmed by δN
result f δN
NL
[33, 43]. The two effects are complementary to
each under field redefinition in standard inflation [43]. Non-
Gaussianity in canonical warm inflation was calculated from
the δN view in the work [36], which is allowed by recent ob-
servations [44]. That f δN
NL
is less than one in large scale in
canonical warm inflation is due to the overdamped thermal
term, which can make the slow roll more easily to be satis-
fied.
In this paper we will analyse non-Gaussianity throughout
in noncanonical warm inflation both from δN view and in-
trinsic view. Since the intrinsic non-Gaussianity of inflaton
field in noncanonical warm inflation is more prominent than
in canonical inflation and the calculation of non-Gaussianity
from δN view is still absent, we’ll calculate the δN part
non-Gaussianity, discuss the contributions to non-Gaussianity
from both view and make comparisons between them. We
also try to find how noncanonical effect and thermal effect in-
fluence the non-Gaussianity in noncanonical warm inflation.
The paper is organized as follows: In Sec. II, we introduce
noncanonical warm inflationary scenario briefly and review
the basic equations and important parameters of the new pic-
ture. In Sec. III, we introduce non-Gaussian perturbation,
δN formalism and the evolution equations of inflaton pertur-
bations in noncanonical warm inflation. Then we calculate
the nonlinear parameter fNL from both δN view and intrinsic
view in noncanonical warm inflation concretely and give dis-
cussions of the non-Gaussian results respectively in Sec. IV.
Finally, we draw the conclusions in Sec. V.
II. THE FRAMEWORKOF NONCANONICALWARM
INFLATION
Different from standard inflation, the scalar inflaton field
is not isolated, but has interactions with other sub-dominated
fields in warm inflation. Thanks to the interactions, a signifi-
cant amount of radiation was produced constantly during the
inflationary epoch, so the Universe is hot with a non-zero tem-
perature T . There’s a strong possibility that a warm Universe
can happen [45, 46].
The total matter action of the multi-component Universe
in noncanonical warm inflation (noncanonical warm inflation
is a kind of new inflationary model where noncanonical field
behaves as inflaton [18]) is
S =
∫
d4x
√−g [L(φ, X) + LR +Lint] , (1)
where L(φ, X) is the Lagrangian density of the noncanonical
inflaton field, LR is the Lagrangian density of radiation fields
and Lint denotes the interaction between the scalar fields. In
the Friedmann-Robertson-Walker (FRW) Universe, the mean
inflaton field is homogeneous, i.e. φ = φ(t). Under some as-
sumptions and calculations, we can get the evolution equation
of the inflaton field by varying the action with respect to the
inflaton field [7, 14, 18]:
LXc−2s φ¨ + (3HLX + Γ)φ˙ + Ve f f ,φ(φ, T ) = 0, (2)
where H is the Hubble parameter which satisfies the Fried-
mann equation:
3H2 = 8πGρ. (3)
In Eq. (2), c2s = PX/ρX = (1 + 2XLXX/LX)−1 is the sound
speed which describes the traveling speed of scalar perturba-
tions, Γ is the dissipation coefficient and Ve f f ,φ(φ, T ) is the ef-
fective potential acquired thermal corrections. The subscripts
φ and X denote a derivative in our paper. The effective poten-
tial Ve f f (φ, T ) is different from the zero-temperature potential
V(φ) in cold inflation. The thermal correction to the potential
is constrained to be small enough by the slow roll conditions
in warm inflation [15, 16, 18]. For simplicity we’ll write Ve f f
as V hereinafter. The term Γφ˙ in the evolution equation de-
scribes the dissipation effect of φ to radiations [7, 9, 10, 22],
which is a thermal damping term. In some papers, Γ is often
set to be a constant for simplicity to analyse [47–49]. Consid-
ering different microphysical basis of the interactions between
inflaton and other fields, different form of Γ can been obtained
[10, 13, 50]. Generally speaking, Γ can be a function of infla-
ton field and even Universe temperature.
An important parameter in warm inflationa is the dissipa-
tion strength which is defined as:
r =
Γ
3H
. (4)
This parameter describes the effectiveness of warm inflation,
where r ≫ 1 refers to strong regime of warm inflation and
r ≪ 1 refers to weak regime of warm inflation.
3Thermal dissipative effect of warm inflation is accompa-
nied by the production of entropy. The expression for entropy
density from thermodynamics is s = −∂ f /∂T , and we have
s ≃ −VT for that the free energy f = ρ − T s is dominated by
potential during inflation.
The total energy density of the multi component Universe
is
ρ =
1
2
φ˙2 + V(φ, T ) + T s. (5)
and the total pressure is given by
p =
1
2
φ˙2 − V(φ, T ). (6)
Combining the energy-momentum conservation
ρ˙ + 3H(ρ + p) = 0, (7)
with Eq. (2), we can get the entropy production equation:
T s˙ + 3HT s = Γφ˙2. (8)
The equation above is equivalent to the radiation energy den-
sity producing equation ρ˙r + 4Hρr = Γφ˙
2, when the thermal
correction to the effective potential is small enough in slow
roll inflation.
Inflation is often associated with slow-roll approximation to
drop the highest derivative terms in the equations of motion,
thus we can get the slow roll equations of noncanonical warm
inflation:
φ˙ = − Vφ
3H(LX + r)
, (9)
T s = rφ˙2, (10)
H2 =
8πG
3
V, (11)
4Hρr = Γφ˙
2. (12)
The validity of the slow roll approximation depends on the
slow roll conditions given by systemic stability analysis [8,
15, 16, 18]. The slow roll conditions are associated with some
important slow roll parameters defined as
ǫ =
M2p
2
(
Vφ
V
)2
, η = M2p
Vφφ
V
, β = M2p
VφΓφ
VΓ
, (13)
When dealing with warm inflation, we’ll need two additional
slow roll parameters:
b =
TVφT
Vφ
(14)
and
c =
TΓT
Γ
(15)
to describe the temperature dependence of effective potential
and dissipation coefficient in warm inflation [15, 16]. These
slow roll parameters are potential slow roll (PSR) parameters,
which have relations with inflation potential and are different
from Hubble slow roll (HSR) parameters. HSR parameters
are invariant under field redefinitionwhile PSR parameters are
not.
The slow-roll approximations can be guaranteed when
ǫ ≪ LX + r
c2s
, β ≪ LX + r
c2s
, η ≪ LX
c2s
,
b ≪ min{LX , r}
(LX + r)c2s
, |c| < 4 , (16)
in noncanonical warm inflationary scenario [18]. The addi-
tional parameter c is not necessarily small, but a stability anal-
ysis of warm inflation shows that |c| < 4 for a consistent model
[15, 17, 18]. These slow roll conditions are more easy to be
satisfied than in canonical warm inflation, let alone standard
inflation. The number of e-folds in warm inflation is given by
N =
∫
Hdt =
∫
H
φ˙
dφ ≃ − 1
M2p
∫ φend
φ∗
V(LX + r)
Vφ
dφ, (17)
where M2p =
1
8πG
.
III. NON-GAUSSIAN PERTURBATIONS OF INFLATION
A. δN formalism and non-Gaussianity
Now we’ll give a brief introduction of δN formalism and
primordial non-Gaussianity of inflation. δN formalism was
proposed in [41, 51–54] and then often used in calculating the
non-Gaussianity of double and multi-field inflationary models
[33–35].
The primordial curvature perturbation on uniform density
hypersurfaces of the Universe, denoted by ζ, is already present
a few Hubble times before cosmological scales start to enter
the horizon. And observations suggest the perturbation ζ was
Gaussian term dominated with a nearly scale-invariant spec-
trum.
Considering small perturbations in the background of the
flat FRW Universe with scale factor a(t), the spatial metric is
given by
gi j = a
2(t)e2ζ(t,x)γi j(t, x) = a˜
2(t, x)γi j(t, x), (18)
where γi j(t, x) has unit determinant and accounts for the tensor
perturbation. We can find that according to this definition, ζ
is the perturbation in ln a˜.
According to δN formalism [41, 51–55], ζ, evaluated at
some time t, is equivalent to the perturbation of the number
of e-foldings N(t, x) from an initial flat hypersurface at t = tin,
to a finial uniform density or, equivalently, comoving hyper-
surface at the time of t. Thus we have
ζ(t, x) = δN ≡ N(t, x) − N0(t), (19)
4where N(t, x) ≡ ln[ a˜(t)
a(tin)
] and N0(t) ≡ ln[ a(t)a(tin) ].
The evolution of the Universe is supposed to be deter-
mined mainly by one or more inflaton fields during inflation-
ary epoch. Choosing the convenient flat slicing gauge and
considering perturbations, we can expand each scalar field in
the form Φi(t, x) = φi(t) + δφi(t, x). As mentioned above, the
curvature perturbation ζ is almost Gaussian, so we can expand
ζ up to second order for good accuracy:
ζ(t, x) = δN ≃
∑
i
N,i(t)δφi +
1
2
∑
i j
N,i j(t)δφiδφ j, (20)
where N,i ≡ ∂N∂φi and N,i j ≡
∂2N
∂φi∂φ j
. They may be entirely re-
sponsible for any observed non-Gaussianity if the field pertur-
bations are pure Gaussian, which are the contributions of four-
point correlations. However, the inflaton field perturbation in
noncanonical warm inflation deviates from pure Gaussian dis-
tribution to some extent that larger than in canonical inflation.
Thus we also need to compute non-Gaussianity generated by
intrinsic non-Gaussianity of inflaton field, i.e. the three-point
correlations of field.
The power spectrum of the curvature perturbation ζ, de-
noted by Pζ , is defined as
〈ζk1ζk2〉 ≡ (2π)3δ3(k1 + k2)
2π2
k3
1
Pζ(k1), (21)
and Pζ(k) ≡ k32π2 Pζ(k).
The lowest order non-Gaussianity is three-point function of
curvature perturbation, or its Fourier transform, the bispec-
trum, which is defined through
〈ζk1ζk2ζk3 〉 ≡ (2π)3δ3(k1 + k2 + k3)Bζ(k1, k2, k3). (22)
Its normalization is specified by the nonlinear parameter fNL
through
Bζ(k1, k2, k3) ≡ −6
5
fNL(k1, k2, k3)
[
Pζ(k1)Pζ(k2) + cyclic
]
.
(23)
Observational limits are usually put on the nonlinear parame-
ter and it is often used to describe the level of non-Gaussianity
effectively. We can compute the bispectrum through Eq. (20)
and the calculation can yield
〈ζk1ζk2ζk3〉 =
∑
i jk
N,iN, jN,k〈δφik1δφ jk2δφkk3〉
+
1
2
∑
i jkl
N,iN, jN,kl〈δφik1δφ jk2(δφk ⋆ δφl)k3〉 + perms, (24)
where a star denotes the convolution and the correlation func-
tions higher than four-point are neglected. The first line in
the equation above, a three-point correlation, is the contribu-
tion from the intrinsic non-Gaussianity of the inflaton fields,
which can be scale dependent; while the second line, a four-
point correlation, is scale independent and can be calculated
conveniently by using δN formalism. Based on the δN for-
malism, we can get the part of non-Gaussianity generated by
four-point correlation. The expression of δN part nonlinear
parameter is given by [41, 56]:
− 3
5
f δNNL =
∑
i j N,iN, jN,i j
2
[∑
i N
2
,i
]2 . (25)
We can see that the f δN
NL
term is scale independent. The total
non-Gaussianity should be described by fNL = f
δN
NL
+ f int
NL
.
B. thermal fluctuations of inflaton field
In noncanonical warm inflation, there is only one scalar
field acting as inflaton and we can expand the full inflaton
as Φ(x, t) = φ(t) + δφ(x, t), where δφ is the small perturbation
around the homogenous background field φ(t) as usual. The
evolution of inflaton is in overdamped regime in noncanonical
warm inflation due to the enhanced Hubble damping term and
thermal damping term. The evolution of the inflaton pertur-
bations is very slow in slow roll regime as indicated in [8], so
the evolution equation of full inflaton in slow roll noncanoni-
cal warm inflation can be given by [9, 18, 49]:
dΦ(k, t)
dt
=
1
3HLX + Γ
[
−k2LXδφ(k, t) − Vφ(Φ(k, t)) + ξ(k, t)
]
,
(26)
where ξ is the thermal stochastic noise in thermal system with
zero mean 〈ξ〉 = 0. In the high temperature limit T → ∞, the
noise source is Markovian: 〈ξ(k, t)ξ(k′, t′)〉 = 2ΓT (2π)3δ3(k−
k′)δ(t − t′) [8, 57]. Thermal noise term in warm inflation is a
kind of Gaussian distributed white noise [9]. Since the lead-
ing order inflaton perturbation is linear response to the thermal
noise, it is also Gaussian distributed. So if we want to calcu-
late the predicted bispectrum of inflaton perturbation from Eq.
(26), we should expand the inflaton fluctuations to second or-
der at least: δφ(x, t) = δφ1(x, t)+ δφ2(x, t), where δφ1 = O(δφ)
and δφ2 = O(δφ2). Then the equations of motion for the first
and second order fluctuations in Fourier space can be obtained
from Eq. (26):
d
dt
δφ1(k, t) =
1
3HLX + Γ
[
−LXk2δφ1(k, t)
− Vφφ(φ(t))δφ1(k, t) + ξ(k, t)
]
, (27)
d
dt
δφ2(k, t) =
1
3HLX + Γ
[
−LXk2δφ2(k, t) − Vφφ(φ(t))δφ2(k, t)
− 1
2
Vφφφ(φ(t))
∫
dp3
(2π)3
δφ1(p, t)δφ1(k − p, t)
− k2LXX
∫
dp3
(2π)3
δφ1(p, t)δX1(k − p, t)
]
, (28)
The equation of motion for the fluctuations is obtained
through perturbing the evolution equation of the full inflaton
to second order. The analytic solutions of first and second or-
der fluctuations, δφ1 and δφ2, can be obtained by solving the
two equations above. And then the non-Gaussianity gener-
ated by intrinsic non-Gaussian distributions of inflaton can be
obtained [19], which we’ll analyse concretely in next section.
5IV. NON-GAUSSIANITY IN NONCANONICAL WARM
INFLATION
There’s only one inflaton field in noncanonical warm infla-
tion, so only one δφi is relevant, then Eq. (20) reduces to
ζ(t, x) = N,iδφi +
1
2
N,ii (δφi)
2 , (29)
so we can get
− 3
5
f δNNL =
1
2
N,ii
N2
,i
. (30)
Since there is only one δφi, without ambiguity, we can rewrite
N,i as Nφ and N,ii as Nφφ below.
Through Eq. (17), we can get
Nφ = − 1
M2p
V(LX + r)
Vφ
, (31)
Observational limits of primordial non-Gaussianity gener-
ated by inflation are usually put on the nonlinear parameter.
And it’s estimated on the time of horizon crossing, which is
well inside the slow roll inflationary regime. So we’ll first
calculate the δN part nonlinear parameter f δN
NL
in slow roll ap-
proximation. Now we will consider a general dissipative coef-
ficient case with Γ = Γ(φ, T ) in slow roll noncanonical warm
inflation.
From Eq. (31), we can get
Nφφ = − 1
M2p
[
(LX + r) − (LX + r)η
2ǫ
− r
2
+
βr
2ǫ
]
. (32)
Then we can obtain the δN part nonlinear parameter in non-
canonical warm inflation with a general dissipation coefficient
from Eqs (30), (31) and (32):
f δNNL =
5ǫ
3(LX + r)
− 5η
6(LX + r)
− 5rǫ
6(LX + r)2
+
5rβ
6(LX + r)2
.
(33)
As δN formalism indicated, the δN part nonlinear parame-
ter f δN
NL
is scale independent, for it can be decided only by non-
perturbative background equations. Considering the slow roll
conditions Eq. (16) in noncanonical warm inflation, we can
find from the equation above that | f δN
NL
| ∼ O (ǫ/(LX + r)) . 1,
which is a first order small quantity in slow roll approxima-
tion. As the slow roll conditions suggest, during the inflation-
ary epoch, the amplitude of non-Gaussianity is quite small
and can grow slightly along with the inflation of Universe.
Thus the level of non-Gaussiaity generated by four-point cor-
relation in noncanonical warm inflation, characterized by pa-
rameter f δN
NL
, is not significant as in canonical warm inflation.
Since the δN form non-Gaussianity is not large enough, it’s
unsafe to use this part to represent the whole primordial non-
Gaussianity generated by inflation as some papers performed
[36, 52]. So the calculation of non-Gaussianity generated by
three-point correlation functions of inflaton field is also nec-
essary.
Non-Gaussianity generated by intrinsic non-Gaussianity of
inflaton, characterized by f int
NL
, is considered in some papers
[11, 19, 36–39]. Paper [19] researched non-Gaussianity in
noncanonical warm inflation with a temperature independent
dissipative coefficient preliminarily and yields:
f intNL = −
5
6
ln
√
3(LX + r)
LX
[
ǫε
(LX + r)2
+
(
1
c2s
− 1
)]
. (34)
The intrinsic part nonlinear parameter f int
NL
is estimated for the
three wavenumber k1, k2, k3 all within a few e-folds of ex-
iting the horizon, i.e. there is a mild hierarchy among them.
The intrinsic nonlinear parameter f int
NL
is weakly dependent on
the time and different wavenumbers, so it has a good scale in-
dependent approximation. We can see that f int
NL
can be much
greater than one, and thereby much greater than f δN
NL
when the
sound speed cs is low. A low sound speed can much enhance
the magnitude of primordial non-Gaussianity in noncanonical
warm inflation, thus fNL should be dominated by f
int
NL
term.
The first term in Eq. (34) is a second order small quantity,
while | f δN
NL
| is a first order small quantity, so the first term in
f int
NL
is absolutely overwhelmed by the second term and can be
neglected. Then f int
NL
 − 5
6
(
1
c2s
− 1
)
ln
√
3(LX+r)
LX ∼ O
(
1
c2s
− 1
)
,
which suggests both strong noncanonical effect (character-
ized by low sound speed cs) and strong dissipative strength
(characterized by large r) contribute to large magnitude of
non-Gaussianity, but obviously the contribution of low sound
speed is more significant.
The whole non-Gaussianity should be described by the non-
linear parameter fNL = f
δN
NL
+ f int
NL
. The two part are comple-
mentary to each other and both are not invariant under field re-
definition. We can find that the non-Gaussianity in noncanon-
ical warm inflation is dominated by intrinsic non-Gaussianity
of inflaton field from the discussions above. The term f int
NL
cannot be overlooked, instead it plays important role in non-
Gaussian problems of noncanonical warm inflation. We know
that PSR parameters are all related to inflaton field and thus
they are not invariant quantities under field redefinition, while
Hubble parameter H, HSR parameters, sound speed cs are
invariant quantities. When a Lagrangian density L(X, φ) is
given, the parameters X and thus LX are both variant under
field redefinition. The important characteristic parameters in
warm inflation, Γ, and thus r are also variant under field redef-
inition. Through Eqs. (33) and (34), we can see that both f δN
NL
and f int
NL
are not invariant under field redefinition. While the to-
tal fNL should be an invariant quantity under field redefinition,
so the two parts f δN
NL
and f int
NL
are complementary to each other.
Since the calculation of f int
NL
part is more complicated espe-
cially in noncanonical warm inflation, we can try to choose
an appropriate field gauge to simplify the calculation of total
non-Gaussianity to some extent. The non-Gaussian result can
be well inside the region allowed by Planck observations [44]
when cs is not small enough.
The non-Gaussian results in noncanonical warm inflation
can reduce to canonical case when cs → 1:
f δNNL =
5ǫ
3(1 + r)
− 5η
6(1 + r)
− 5rǫ
6(1 + r)2
+
5rβ
6(1 + r)2
, (35)
6and
f intNL = −
5
6
ln
√
3(1 + r)
ǫε
(1 + r)2
, (36)
where ε = 2M2p
Vφφφ
Vφ
can be seen as a first order slow-roll
small quantity which has the same magnitude as the slow-
roll parameter η in the monomial potential case. In canon-
ical warm inflation, the situation is quite different from that
in noncanonical warm inflation. In canonical warm inflation,
fNL = f
δN
NL
+ f int
NL
is dominated by the f δN
NL
term, since the term
f δN
NL
is a first order slow roll small quantity while f int
NL
is a sec-
ond order small quantity. From Eqs. (35) and (36), we can see
that primordial non-Gaussianity in canonical warm inflation
is not significant, which is quite different from noncanonical
case. The intrinsic non-Gaussian results represented by Eqs.
(34) and (36) are obtained in the warm inflationary case with a
temperature independent dissipative coefficient Γ = Γ(φ). The
non-Gaussianity generated in canonical warm inflation with
a more complicated temperature dependent dissipative coef-
ficient Γ = Γ(φ, T ) is considered in [40], where the authors
found that the non-Gaussianity can be significant to some ex-
tent. In temperature dependent case, the inflaton and radia-
tion fluctuations are coupled to each other, the analytic result
for power spectrum is too hard to be obtained, and we can
only get a numerical result [12]. The coupling between in-
flaton fluctuations and radiation fluctuations can make warm
inflation stronger in most cases and also enhance the magni-
tude of non-Gaussianity [40]. Some papers proposed a gen-
eral form of the dissipative coefficient in warm inflation like
Γ = Cφ
Tm
φm−1 [58] and Γ = Γ0(
φ
φ0
)n( T
τ0
)m [8, 16], where n and m
are integers. In these general forms, the characteristic warm
inflationary parameter c = m, and the warm inflationary case
can reduce to temperature independent case when c = 0. The
non-Gaussianity in canonical temperature dependent warm in-
flation can depend on the parameter c by a function f (c) [40],
where the function f (c) is greater than 1 in most cases (i.e. the
cases with c > 0) while reduce to 1 when c = 0. We can see
that the coupling between inflaton fluctuations and radiation
fluctuations can enhance the magnitude of non-Gaussianity in
canonical warm inflation, the result should still hold qualita-
tively (i.e. the magnitude of non-Gaussianity in temperature
dependent noncanonical warm inflation is enhanced by a fac-
tor f (c) > 1 compared to temperature independent case) in
noncanonical warm inflation with a different and more com-
plicated form of f (c). The quantitative analysis is complicated
to some extent and we’ll concentrate completely on this prob-
lem in our next work.
V. CONCLUSIONS AND DISCUSSIONS
In this paper, we investigate the whole primordial non-
Gaussianity generated in noncanonical warm inflation. We
give a brief introduction of noncanonical warm inflationary
theory. Non-Gaussianity generated by inflation is often de-
scribed by nonlinear parameter fNL and it can be divided into
two parts: f δN
NL
and f int
NL
. The first part describes the contribu-
tion of the four-point correlation of inflaton perturbation and
the second part is due to the three-point correlation, i.e. the
intrinsic non-Gaussianity of inflaton field. The two parts are
complementary to each and they together can describe the pri-
mordial non-Gaussianity in inflation entirely. In addition, the
two parts are both variant under field redefinition, while the
whole fNL should be invariant.
δN formalism is convenient to use and so is often used in
calculating the non-Gaussianities in multi-field inflation theo-
ries. We introduce δN formalism and the evolution equation
of the perturbation of inflaton field in noncanonical warm in-
flation briefly. Noncanonical warm inflation is dominated by
one inflaton field, so we use the δN formalism that reduces
to single field case to calculate the parameter f δN
NL
. The δN
part nonlinear parameter f δN
NL
in noncanonical warm inflation
is scale-independent. Using δN formalism, we obtain the ex-
pression of f δN
NL
in noncanonical warm inflation with a general
coefficient Γ = Γ(φ, T ). We reach the conclusion that f δN
NL
can
be expressed as a linear combination of the PSR parameters,
so it’s a first order small quantity in slow roll approximation
with the order | f δN
NL
| ∼ O
(
ǫ
LX+r
)
. That indicates the δN part
non-Gaussianity generated by noncanonical warm inflation is
insignificant as in canonical single-field inflation. Since the
magnitude of non-Gaussianity represented by f δN
NL
is not large
enough, it’s unsafe to ignore the non-Gaussianity comes from
the self-interaction of the inflaton field. So we also consider
the non-Gaussianity generated by intrinsic non-Gaussianity of
inflaton, which is represented by f int
NL
, and find that this part
overwhelm the f δN
NL
part. In noncanonical warm inflation, sub-
light sound speed of noncanonical inflaton contribute mostly
to the non-Gaussianity, and thermal dissipation effect and high
order correlations also contribute to non-Gaussianity to a cer-
tain extent.
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